In 1986 all 90 children aged 4-19 years with Down's syndrome attending school in the area served by the Southern Derbyshire Health Authority underwent radiography to identify atlantoaxial instability (AAI). This study details repeat observations five years later. Full results were available on 67 (74%/o), information on health status was available on the remaining 19 (21%); four (4%) were untraced.
In the past decade, there has been considerable concern about the high incidence of atlantoaxial instability (AAI) in Down's syndrome. However, while 10-20% of children with Down's syndrome have AAI radiologically (defined as an atlanto-axial gap of 4-0 mm or more),' only around 18% of them have symptoms,2 including torticollis and varying signs of spinal cord compression. Symptoms develop gradually over the course of months or years, or acutely after specific trauma. The latter can occur in individuals with previously normal neck radiographs2 and this has lead to concern over their value. This confusion has been increased by doubts over the reliability of the radiographs themselves. Selby et al showed that when they were repeated on the same day in 19 subjects, six were abnormal on the first radiograph, and only three on the second.3 Clear distinction should be made between chronic and acute symptomatic AAI when considering the value of screening radiographs.
Long term studies are necessary to determine the natural history of AAI in Down's syndrome and how this relates to radiological measurements. In 1986 we screened all children living in our health authority with Down's syndrome aged [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] years for AAI, together with clinical assessment of signs and symptoms.4
In the present study we reviewed the radiographs and clinical evaluations on the same cohort of children five years later. All radiographs were taken with the neck fully flexed to maximise the atlanto-axial gap. If the neck is only flexed in the lower cervical region, flexion of the atlantoaxial joints is spared, and the gap may appear normal; variations in the way the neck is flexed for radiography may therefore account for discrepancies between measurements on radiographs. We assessed this in a subgroup by doing three radiographs 10 minutes apart, each with full flexion of the upper neck, and compared the measurements obtained.
Subjects and methods
To assess the reliability of neck radiographs in measuring the atlanto-axial gap, three different radiographs were taken sequentially in 49 children, including five with AAI. One was taken in the erect position and two supine, all 10 minutes apart. Maximal flexion of the upper neck was ensured on each occasion and to assist in this, a 450 padded headrest was used for the supine studies (fig 1) . The three radiographs were compared to find the maximal difference in the atlanto-axial gap between individual measurements. Results for these children were incorporated in the main study. The atlanto-axial gap was taken as the distance between the posterio-inferior aspect of the anterior arch of the atlas and the nearest adjacent surface of the odontoid process; measurements over 4 0 mm were taken as abnormal. The height of the odontoid was assessed using the method of McManners, measuring from the tip of the odontoid process to the superior aspect of the articular facets of the axis. present when the height of the odontoid was less than 2 SD from the mean for normal children of the same age.6 Differences in the mean atlanto-axial gap in this population, over the five year period, were evaluated by Student's t test. This study was passed by our local ethics committee.
Results
Forty nine children had three radiographs (one erect and two supine), performed 10 minutes apart. In 31 (63%), there was no difference in the measurement for the atlanto-axial gap. In the other 18 (37%), there was a maximum 1 0 mm difference between two of the three films. Of these, the gap was greater on the erect radiograph alone in seven, one supine film alone in nine, and an erect and supine film in two.
From the initial cohort of 90 individuals, 67 were aged 4-15 and still at school at the time of the second study. The remaining 23 were 19 years or older for the second study and had left school. Details of the results of the follow up studies are given in fig 2. In total, 67 (74%) had full repeat evaluation, including neck radiography. Nineteen (21%) did not come for radiography, but a medical report was available from a general practitioner. The remaining four (4%) had left the area.
Only one individual in the series showed symptoms of AAI over the five year period. This was a 9 year old boy who, after ear, nose, and throat surgery developed acute torticollis without neurological signs. Neck radiography indicated a rotatary dislocation at the atlantoaxial joint, with a gap of 7-0 mm. Radiograph screening during the first study two years before this showed him to have a gap of only 3 0 mm. He underwent surgical posterior fusion of the upper cervical vertebrae and made a full recovery.
Out of seven with AAI on radiography in 1986, five still had this in 1991, and they remained symptom free. No-one developed AAI in the latter study (that is, increased the gap to over 4 0 mm), who had not had this five years before (table) . 
overall significant reduction of the mean atlanto-axial gap from 2-95 mm (SD 1 18) to 2-45 mm (SD 1-14) (p<0-01). This trend is indicated in fig  3. Overall, 13 individuals showed an increase in the atlanto-axial gap over the five year period to a maximum of 2-0 mm. Odontoid hypoplasia was found originally in 15 and was still present in three. Accessory ossicles were still present in the two children who had them in 1986.
Discussion
Our results indicate that radiographs can reliably measure the atlanto-axial gap if they are taken during full flexion of the upper neck. Variation between three radiographs taken on the same day showed a maximum difference of 1 0 mm, even in the five individuals with AAI. Failure to ensure adequate upper neck flexion will produce inaccurate and inconsistent measurements, which may account for the unreliable results that have been found in a previous study.3 It has been suggested that neck flexion in the supine position will increase the atlanto-axial gap more than flexion in the erect or prone position.7 We found no significant difference between the erect and supine positions, and consider either would be acceptable for radiography. While lying supine against a head support can ensure full upper neck flexion, we prefer to use the erect position as this is generally more comfortable for the patient. However, a helper must be present to push the head back and keep the chin fully tucked in to touch the chest. Previously we had found that only one radiograph in flexion is necessary, as this produces the maximal atlanto-axial gap,4 which has been the case in other studies.8 9 A neutral view is best for showing abnormalities of the odontoid peg that may be associated with symptoms.6 10 We recommend an initial assessment with radiographs in neutral and flexion positions, and subsequent follow up radiographs in a flexion position only.
A recent study suggests that correction may be needed for magnification.8 We used the same radiography techniques throughout, so this factor would be constant in our study.
Over the course of five years in this group of children and young adults, there was an overall tendency for the atlanto-axial gap to decrease. This was statistically significant and consistent with the findings in our initial study in which there was a significant difference between the incidence of AAI in children aged 4-15, and a group of older individuals with Down's syn- individuals over a maximum of 12 years and showed no particular changes'2; this included nine individuals who initially had AAI, but lost it, and two who acquired AAI over the study period. Burke et al followed up 32 patients over 13 years including one who had AAI initially and lost it, and seven who were normal on the first study but acquired AAI later on.13 Our own study showed that only 13 (19%) individuals increased the atlanto-axial gap over five years, and to a maximum of 2-0 mm. None acquired AAI (defined as gap over 4 0 mm) over the five years, who did not have this initially. Seven initially had AAI and this was maintained five years later in five of them. Our own study was of a complete and unselected cohort of all individuals with Down's syndrome attending school in our health district at the time of the first assessment. This, together with the use of the same radiography technique throughout, may account for the consistency of these results.
The only patient in our series with significant neck symptoms from AAI developed them acutely after ear, nose, and throat surgery. This was a boy who previously had a normal radiograph. It is recognised that acute AAI can occur during the course of anaesthesia, either from hyperextension during intubation, or due to excessive movement of the neck during anaesthesia.'4 15 Acute AAI with symptoms is also well recognised in Down's syndrome after any form of neck trauma, and is reported both in those with previously normal'6 or abnormal radiographs.2 Our study underlines the fact that radiographs do not reliably screen for the likelihood of acute AAI after anaesthesia or trauma, and appropriate precautions for all individuals with Down's syndrome should be taken in these circumstances. For example, all individuals with Down's syndrome in our unit, undergoing anaesthesia, are fitted with a soft neck collar at premedication to alert all professionals about the risk of neck injury.
Our study identified a group of five individuals who had chronic AAI over the five year period, but who did not deteriorate radiologically or develop symptoms. In a review of all the published cases of symptomatic AAI in the literature, Pueschel et al found that over 80% developed symptoms gradually and did not suffer a particular traumatic episode.2 It is likely that those who gradually develop symptoms may be part of a small group with chronic AAI, as identified in our study. This raises the question of whether radiography can be used to identify individuals at increased risk of symptoms, and perhaps lead to intervention that will protect them.
Any programme of radiological screening for AAI must be with the awareness that symptoms from AAI are extremely rare. We had problems in only one out of 90 children with Down's syndrome over the course of five years. The usual incidence of symptoms is estimated at 1% to 2% of children2 and a radiograph can screen only for chronic AAI. Nevertheless, one could argue that symptoms when they occur can be serious, such as cord compression and paraplegia in individuals who may be poor at communicating what is wrong with them. There is evidence that the earlier surgery is performed when symptoms develop, the better the results.17 18 The policy in our own health authority is to screen all children with Down's syndrome with a radiograph in the neutral and flexed position at the age of 4-5 years, before going into school, and maintaining particular vigilance for those found to have chronic AAI who receive repeat radiography at three to five yearly intervals in the flexed position only. Screening by radiography is relatively cheap and draws the attention of carers to neck problems in Down's syndrome, including the increased risk of acute neck injury. This radiological programme is backed up by regular checks for signs and symptoms of neck problems at a yearly medical check up.
What intervention should be provided for those found to have chronic AAI on radiography? The likely mechanism by which children with chronic AAI could increase the gap to the point when they may develop symptoms would be minor recurrent trauma causing hyperflexion of the neck. Over the course of our study, we restricted the sporting activities of those seven individuals who initially had chronic AAI, advising them against diving, trampolining, vigorous gymnastics, judo, and violent contact sports such as rugby, while encouraging such physical activities as running, jumping, swimming, and horseriding at slow speeds. None of these children deteriorated and developed symptoms. However, Cremers et al found that restricting sporting activities in 44 
Commentary
Morton et al present data on a large series of patients and discuss an important and controversial management problem. The paper illustrates the many difficulties of using the measurement of the atlas-dens distance on the lateral cervical spine radiograph in the management of patients with Down's syndrome.
Subluxation and instability are, in my view often, wrongly, used interchangeably. The currently accepted definitions of AAI are an atlas-dens distance of >4 0 mm1 or >4 5 mm2 and, therefore, an absolute distance of <4 0 mm in children could be regarded as 'stable'. However, it is not as easy as this because stability (or instability) is a dynamic process and an atlas-dens distance -5O0 mm which remains unchanged between flexion and extension is not an unstable atlantoaxial joint whereas an atlas-dens distance which is, say, 1 0 mm in extension and 4 0 mm in flexion is unstable. Although the majority of published data indicate that the maximal gap occurs during flexion, use of this single view gives information only about subluxation -not instability.
Morton et al confirm the results of previous studies,34 which have shown that the atlasdens distance decreases with increasing age but they also confirm the finding that this change is as great, or less than, the change that can be measured on radiographs taken on the same occasion.5 Poor ossification of the odontoid peg, a slightly rotated film, or an uncooperative patient add to the difficulties of accurately measuring the atlas-dens distance. A reduction of AAI with increasing age is, as the authors suggest, probably due to the transverse ligament becoming firmer. However, a reduction
